Diet and physical activity are two major lifestyle factors that play a role in the prevention or management of debilitating conditions affecting older people. Both under-and overnutrition predispose to diseases. Low sodium and high potassium intakes, as well as the consumption of fruits and vegetables are associated with a reduction of hypertension and diseases arising from hypertension such as stroke and dementia. Dietary patterns (consumption of quantity and types of fats, cholesterol, vegetable oils, ®sh) are important in the prevention of coronary heart disease. Calcium and vitamin D intakes are important factors in the development of osteoporosis, while various dietary factors have been linked to the development of cancer. Physical activity is important in the prevention of functional decline and increased survival, reduced incidence of falls and fractures, and has various cardiovascular health bene®ts. Apart from prevention of diseases, exercise also has an important role in improving function in some chronic diseases such as heart failure or chronic obstructive pulmonary disease. Both diet and exercise interact, so that public health recommendations often take the form of lifestyle modi®cation advice in the prevention of disease and disability.
Introduction
With increasing life expectancy and the ageing of the population worldwide, the burden of chronic diseases and disability also increases. In developed regions of the world, the leading causes of disability life years (a measure of disease and disability burden), include ischaemic heart disease, depression, cerebrovascular disease, road traf®c accidents, alcohol use, osteoarthritis, cancers of the respiratory system, dementia and other degenerative and hereditary CNS disorders, in descending order (Murray & Lopez, 1996) . Among elderly people, diseases making the largest contribution to disability are stroke, dementia, fractures, Parkinson's disease, and diabetes mellitus . Chronic diseases in elderly people tend to manifest themselves as functional or cognitive impairment, and frequent falls. It is important to examine factors that may reduce this burden, both from the individual's point of view of maintaining quality of life and from society's point of view of reducing demands on health care resources. Aetiological factors may be broadly classi®ed into genetic and environmental, only the latter being modi®able. Even if a disease is present, measures may be taken to delay deterioration or to maximize remaining function. In this paper, diet and physical activity will be the main factors examined in relation to these diseases. The relationship between smoking and many chronic diseases (cardiovascular diseases, respiratory diseases and cancer) has been extensively and continuously cocumented, (Lopez, 1998) and will not be discussed here.
Diet
The relationship between undernutrition, overnutrition and chronic diseases, and the relationship between speci®c nutrients and cardiovascular diseases, fractures, malignancy, dementia, Parkinson's disease, and chronic obstructive pulmonary disease will be described.
Undernutrition
Many studies have documented the prevalence of undernutrition in elderly people, living in the community as well as in hospitals or long-term care institutions (Clarke et al, 1998) , in societies where obesity also exists. The prevalence ranges from 1% to 61%. The consequences of undernutrition include loss of muscle strength (predisposing to falls), impaired immunity (Chandra, 1972) predisposing to infections), as well as speci®c conditions resulting from a de®ciency of micronutrients such as zinc (Prasad, 1995) predisposing to lethargy, weakness, and delayed wound healing. Weight loss is also associated with increased mortality (Mattila et al, 1986) , functional disability (Galanos et al, 1994) , as well as health care utilization (Weinsier et al, 1979) .
Overnutrition
Energy intake in excess of requirements results in obesity and the metabolic syndrome of hyperinsulinaemia, hypertension and hyperlipidaemia. Marked overweight has been documented to be associated with mortality and poor health, the relationship with body mass index (BMI) being U-shaped (Rumpel et al, 1993) . Data from the USA suggest that a BMI between 18 and 28 kgam 2 in very old women is associated with the least mobidity and disability (Launer et al, 1994) . Overweight also predisposes to symptoms of rheumatism or arthritis (Lehmann & Bassey, 1996) .
Hypertension
There is extensive evidence from both cross-sectional observations and intervention studies showing a positive association between salt intake and blood pressure. Hypertension is a risk factor for congestive heart failure, stroke and myocardial infarction. High salt intake per se may also directly cause heart failure. The Intersalt study showed that the rise in systolic blood pressure with age was only observed in populations with intakes greater than 100 mmoladay (Stamler, 1993) , while a meta-analysis of 78 trials of salt reduction showed that blood pressure reductions were achieved by suf®ciently reducing salt intake (Law et al, 1991) . A reduction of 83 mmol of salt per day in elderly people aged 60 ± 78 y was associated with a reduction of 7.2 mmHg in systolic and 3.2 mmHg in diastolic blood pressure in both normo-and hypertensive subjects (Cappuccio et al, 1997) . Many countries recommend values of not more than 100 mmol of sodium per day. Since stroke is a cause of dementia, reduction in the prevalence of hypertension will also indirectly reduce the burden of dementia as a result of cerebrovascular disease.
Apart from reducing salt intakes, diets rich in fruits and vegetables, low-fat dairy products and reduced saturated and total fat have been found to be effective in lowering blood pressure (Appel et al, 1997) , as has oral potassium supplementation (Whelton et al, 1997) . A diet high in potassium has been found to be inversely associated with the risk of developing stroke (Khaw & Barret-Connor, 1987) .
Coronary heart-disease
The relationship between serum cholesterol and coronary heart disease is well established. Widely accepted recommendations for cardiovascular health include a cholesterol intake of 300 mg per day, fat intake of 30% of total energy, and percentage energy from saturated fats 10% (The International Lipid Information Bureau, 1995) . Recently, the emphasis has been on increasing the intake of vegetable oils and ®sh, rather than just on lowering cholesterol intake (Oliver, 1998) . The ratio of polyunsaturated to saturated fatty acids should be raised to 1.0 or more, by increasing the intake of vegetable oils, particularly olive oil and ®sh. A modest intake of oily ®sh (or ®sh oil capsules) resulted in a 29% reduction in total mortality during the ®rst 2 y after a myocardial infarction (without any change in total plasma cholesterol concentration) (Burr et al, 1989) , while no bene®t was observed from conventional high ®bre and low saturated fat diets. The Mediterranean diet, high in antioxidants, vitamins, oleic acid and n-3 fatty acids, resulted in a 73% reduction in major cardiac events in patients recovering from a myocardial infarction (De Lorgeril et al, 1997) . In practice it is likely that advice to adopt this type of diet might be more acceptable than the promotion of low-fat and low-cholesterol diets (Conway, 1998) .
Other dietary components have been described to have protective effects: plant sterols (Miettinen et al, 1995) , avonoids (Kerry & Abbey, 1997) , folate (acting by reducing blood levels of homocystein; Omenn et al, 1998) , alcohol (Woodward & Tunstall, 1995) , and nuts (Hu et al, 1998) .
Osteoporotic fractures
Nutrients important in the prevention of osteoporotic fractures act by increasing bone strength, through increasing bone mineral density or increasing the strength of the bone matrix in other ways. Calcium, vitamin D, protein, and salt intake all play a role. Dietary habit throughout life will affect bone strength, particularly during the period for accretion of peak bone mass. In general a high calcium intake is recommended in the elderly, because the ef®-ciency of absorption is reduced with age. However, trials to determine the effectiveness of calcium supplementation in preventing fractures have shown con¯icting results, some showing a reduction in risk (Reid et al, 1995; Recker et al, 1994) , some an increase (Cumming et al, 1997) . Vitamin D and calcium have also been shown to prevent bone loss (Dawson-Hughes et al, 1997) and fractures (Chapuy et al, 1994) . High protein intake predisposes to bone loss by mobilizing calcium from the skeleton as a result of endogenous acid production, as well as increasing urinary calcium excretion. The incidence of hip fracture was inversely related to per capita protein consumption (Abelow et al, 1992) . However, very low protein intakes as observed in some elderly vegetarian communities is also associated with low bone mineral density , as well as decreased muscle mass, predisposing to falls and fractures. A high sodium intake, by increasing urinary calcium excretion, may also promote bone loss, although convincing evidence is lacking, and the effect may be ameliorated by increasing calcium intake (Massey & Whiting, 1996) .
Chronic obstructive pulmonary disease (COPD)
In patients with COPD, various factors predispose to reduced dietary intake, such as drugs inducing anorexia or shortness of breath, and at the same time energy cost may be increased by the effort of breathing. Such patients are also prone to repeated episodes of infection which may further compromise nutritional status. Elderly patients with COPD, similar to those with infection, heart failure or malignancy, have poorer protein, energy and vitamin status than healthier elderly people living in the community and long-term care institutions (Woo et al, 1991) . Energy balance studies in these patients show that there is a negative balance, which may compromise rehabilitation, as well as recovery from or susceptibility to infections. Nutritional supplementation resulted in an improvement of anthropometric indices, vitamin nutritional status and some measures of well-being (Woo et al, 1994) .
Malignancy
An estimated 32% of cancers may be avoidable by changes in diet, with 20 ± 42% of cancer deaths avoidable by dietary change (Willett, 1995) . Dietary habits or food choices having an impact include type of food (plant vs animal source), food preparation (fat and salt content, smoked or pickled foods etc), caloric intake, and amount of alcohol consumed. It has been observed that excess energy intake relative to requirements manifest as overweight, has negative consequences with regard to several major cancers (Albanese, 1998) . Increasing fruit and vegetable consumption reduces cancer risk (Ziegler, 1989) , while moderate wine drinking (two glasses per day) reduces the risk of death from cancer by 22% (Dorozynski, 1998) . The relationship between cancer and alcohol appears to be Ushaped, but there is no clear evidence linking speci®c beverages to speci®c cancers (Sabroe, 1998) . The latest report of the committee on Medical Aspects of Food and Nutrition Policy (COMA) recommends an intake of ®ve or more servings of fruits and vegetables per day, increasing dietary ®bre and maintaining a BMI of 20 ± 25 kgam 2 . The consumption of red meat should be limited to 90 g daily (White, 1998) . Nutritional support should not be neglected in patients with cancer, particularly during therapy.
Dementia
De®ciency of vitamin B 12 can give rise to cognitive impairment ranging from memory defects to a potentially reversible dementia, even in the absence of haematological changes (Chiu, 1996) . Antioxidants, such as vitamin E, and selegiline (Sano et al, 1997) have been shown to play a role in retarding the progression of Alzheimer's disease. Oestrogen has a bene®cial effect on cognitive function, by acting directly on choline acetyl transferase, by stimulating neuronal regeneration, by promoting the breakdown of amyloid precursor protein or by its antioxidant properties. In this regard plant phytoestrogens may have a protective role. The Asian diet contains higher quantities of soy products that have a high phyto-oestrogen content. This may partly explain the lower prevalence of Alzheimer's disease among Orientals compared with Caucasians. It would be desirable to see if the incidence of Alzheimer's disease is lower among vegetarians in various parts of Southern Asia.
Parkinson's disease
Dietary factors have been implicated in the aetiology of Parkinson's disease. An epidemiological study of environmental and genetic factors carried out in 215 Chinese patients and 313 controls showed that drinking tea regularly was a protective factor, while smoking, family history, and duration of pesticideafarming exposure were risk factors (Chan et al, 1998) , thus emphasizing the role of environmental toxins in disease causation.
Physical activity
In trying to promote disability-free life expectancy, physical ability is a key domain to be explored. It has a bene®cial impact on functional, physical and psychological health. A higher level of physical activity has been associated with increased survival (Morgan & Clarke, 1997) , a delay in the progression of disability (Fries, 1996) and loss of functional ability (Ho et al, 1997) , improved balance and strength (Wolfson et al, 1996; Wolf et al, 1996) , reduced incidence of falls (and hence risk of fractures; Campbell et al, 1997), as well as higher quality of life (MacRae et al, 1996; Ruuskanen & Ruoppila, 1995) .
Physical activity is important in the prevention of obesity and its consequences, and the current rise in prevalence of obesity in many countries has been linked to a general decrease in physical activity level in the population. Exercise training improves glucose tolerance in ageing independent of abdominal adiposity (Dipietro et al, 1998) , and insulin sensitivity is improved by non vigorous as well as vigorous exercise (Mayer-Davis et al, 1998) . Physical inactivity is a risk factor for coronary heart disease in the elderly, predisposing to the development of hypertension, adverse lipid and haemostatic pro®le, and left ventricular dysfunction (Wenger, 1994) . In subjects with heart failure, physical training improves endothelial dysfunction, possibly by enhancing endothelial release of nitric oxide (Hornig et al, 1996) . Exercise also has an important role in the preventionaretardation of osteoporosis, the reduction of fracture risk (Sinaki, 1989) , and also in the prevention of colon (Lee et al, 1991) and breast cancer (Thune et al, 1997) . For those with chronic diseases or recovering from acute illnesses, exercise programmes are an important part of the management.
Interaction between dietary intake and physical activity For many debilitating conditions, both an inadequate diet and lack of physical activity may be risk factors. In addition, diet is related to physical activity, since exercise will result in higher requirements. High-intensity resistance exercise, which is particularly effective in the maintenance of muscle mass, has profound anabolic effects in the elderly (Evans, 1996) . A study showed that, after 12 weeks of resistance training, elderly subjects require an average increase in energy intake of 15% to maintain body weight, the increase consisting of both increase in resting metabolic rate as well as the energy cost of the exercise (Campbell et al, 1994 ). It appears that for both general conditions and speci®c diseases in the elderly, a bene®t is only apparent with both exercise and dietary changes. In a randomized, placebo-controlled trial comparing progressive resistance exercise training, multinutrient supplementation, both interventions and neither in 100 frail nursing home residents, physical frailty was only improved among those who had exercise alone or exercise and nutritional supplementation, and total energy intake was increased only in the latter group (Fiatarone et al, 1994) . Stefanick et al (1998) found that a cholesterol lowering diet alone failed to lower LDL cholesterol levels in subjects with high-risk lipoprotein levels who did not engage in aerobic exercise.
Conclusion
Epidemiological studies have identi®ed both dietary factors and physical activity as affecting both frailty and speci®c diseases in the elderly that result in morbidity and mortality. These studies provide a basis for public health recommendations regarding lifestyle modications for both the primary and secondary prevention of conditions resulting in disability in later life (Vita et al, 1998) .
